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2INTRODUCTION
Permanent vegetation sampling transects were established in tallgrass prairie habitat at
Nachusa Grasslands in 2000 with the first comprehensive baseline sample conducted in 2001
(Taft 2002).   Goals of the initial study were to establish a means of monitoring progress in
ecological restoration and to test a variety of habitat diversity indices to determine which
explained the most variation in the data and were most effective at distinguishing qualitative
differences among sites (Taft et al. 2006).   Parallel transects were established in a stratified
pattern forming a sampling grid at three remnants and four plantings.  These transects were
resampled during 2006, five years after the baseline data collection, to evaluate and characterize
vegetational differences between time intervals as a guide for adaptive management.  Identifying
positive and negative trends within and among sites can be a vital aid in directing future
management.
Major assumptions in this resample were that remnants would continue to respond to on-
site restoration efforts and plantings would merge towards remnants in compositional and
structural characteristics.  Specifically, it was assumed that diveristy and floristic quality  would
increase at all units and treatment groupings (Plantings and Remnants), and adventive (non-
native) species would decline among treatment groups and sample units.  The null expectation
was no change among these variables.
The 2001 baseline sample identified about 181 species of vascular plants with total
richness among sites ranging from 55 to 79.  Mean native species richness for transects in
remnants and plantings was 62 and 45, respectively.  Mean adventive species richness for
transects in remnants and plantings was 9 to 21.5, respectively.  Floristic Quality Assessment
indices FQI (Floristic Quality Index) and Mean Coefficient of Conservatism (Swink and
Wilhelm 1994, Taft et al. 1997) explained the most variation in the data among all indices tested
(Taft et al., 2006).  The Remnants, compared with the Plantings, had higher levels of floristic
quality as measured by these indices and had greater richness of native species and lower
richness of adventive species.  Doug’s Knob was rated highest in natural quality among units,
consistent with Illinois Natural Areas Inventory habitat grading standards.  Isabel’s Knob ranked
second with Dot’s Knob ranking third.  Dot’s Knob had the greatest richness of adventive
species among Remnants.  The Main Unit, the oldest Planting on site, was compositionally and
3structurally most similar to the Remnants among all Plantings.  The Potholes Unit was
characterized by strong dominance by C4 grasses.  The two newest Plantings, the East Heinkle
and Hotchkiss units, had among the highest total species richness but also the greatest
concentration of adventive species among sites and the lowest floristic quality scores. 
Vegetation management during intervening years since baseline sampling include applications of
fire, exotic species control efforts, localized mowing (Hotchkiss Planting Unit), and some seed
harvesting.  
METHODS
Study Area - Nachusa Grasslands is an approximately 1,052 ha (2,600 acre) habitat complex
including prairie, savanna, woodlands, and wetlands at the border of Lee and Ogle counties in
northern Illinois (41/ 53' N latitude, 89/ 20' 50" W longitude).  At the time of the baseline
survey, the preserve totaled 627 ha, including 81 ha (13% of total) of habitat remnants.  The
remaining units at Nachusa Grasslands, approximately 87%, primarily were in some form of
agricultural land use and have been undergoing habitat reconstruction and restoration.  The site
mostly is underlain by St. Peter Sandstone, a fragile Ordovician-aged formation that outcrops
locally on site and readily weathers to a sandy residuum.  Portions of the preserve are
characterized by silt-loam or sandy-loam soils where this sandstone substrate is buried more
deeply by glacial outwash and loess deposits.
Vegetation Sampling - The baseline sampling design established six parallel transects, 80-to-
100-m long depending on site configuration, stratified across each sample unit yielding a total
sample of 42 transects and 840 quadrats (18 transects and 360 quadrats among three Remnants
and 24 transects and 480 quadrats among four Plantings).  End points of each transect were
marked with metal fence posts.  The beginning point of transects was determined randomly
(stratified-random sampling).  Transects at the Potholes Planting have been replaced by metal
disks anchored at ground level to facilitate unit management needs, including seed harvest
efforts.  Bill Kleiman, preserve manager, has a record of GPS coordinates for these transects.
Each transect was sampled with 20 quadrats, 50 cm x 50 cm (1/4-m2), oriented on
alternating sides of the transect, with quadrat placement every four or five meters for the 80 and
4100-m transects, respectively.  Quadrat placement was centered in each 4 or 5-meter transect
segment.  On 80-m long transects the first quadrat is placed on the right side at 2 m and for 100-
m long transects, the first quadrat is located with base at 2.5 m.  All vascular plant species rooted
within the quadrat frame were recorded.  A cover value was assigned each taxon using a
modified Daubenmire cover class system (7 classes with %-cover midpoints 0.5, 3, 15, 37.5,
62,5, 85, and 97.5).  Importance values (IV 200) were calculated for each species as sum of
relative frequency and relative cover.  Vegetation sample data were collected from 28 June to 10
August 2006 (baseline data were collected between 12 June and 22 July 2001).  Botanical
nomenclature follows Mohlenbrock (1986).  A database used for Floristic Quality Assessment
only partially following Mohlenbrock (1986) was used for FQA analyses and in this database
species of Dichanthelium are treated as Panicum.  Some tables using output from the FQA
database prioritize Panicum while in the text of this report they are treated as Dichanthelium
species.  Poa pratensis and P. compressa, adventive cool-season grasses, occurred mostly in
vegetative condition.  Seedlings and weak individual plants were difficult to distinguish with
certainty to species; consequently, both species were combined for convenience as Poa spp.  No
native species of Poa are present at Nachusa Grasslands in the sample units.
Parameter and Indices Terms and Definitions
The community-level metrics and indices used in this study for evaluating natural quality
are listed and defined below.  Most indices are calculated at the transect scale and thus are based
on data from 20 quadrats.  Native Species Density is based on quadrat averages and most
analyses were conducted at the scale of transects and treatment types (Plantings and Remnants).  
Metrics Based on Standard Community-Level Emergent Properties
Adventive Species Richness = Total number of non-native (exotic) species.
Evenness = HN/ ln(richness) (Gurevitch et al. 2002).  Adventive species were excluded.
Shannon-Wiener Index of Diversity (HN) = -3 [pi ln(pi )] (Whittaker 1975); pi is relative
importance value of each species.  Adventive species were excluded.
Simpson’s Index of Dominance (D) = 3 pi2 (Whittaker 1975); pi is relative importance value for
5each taxon in the sample area (transect or site).  Adventive species were excluded.
Species Density = Species richness per quadrat.  Adventive species were excluded.
Species Richness (S) = The number of native species in a sample area (transect or site).
Unweighted Index of Floristic Integrity
Native Richness Index (NRI) = R6n (/N); R6n = native species richness (density) per quadrat and
N is native species richness (Bowles and Jones 1999).  NRI also can be calculated using
log-transformed N. 
Weighted Indices of Floristic Integrity
Mean Coefficient of Conservatism (C6 ) =  3 CC/S.  CC = Coefficient of Conservatism; S =
total species richness (including adventive species).  C6  (Mean C) also can be calculated
as 3 CC/N, using native species only (C6n).
Floristic Quality Index (FQI) = C6  (/N); C6  = 3 CC/S.  N = native species richness, S = native
and adventive species richness.  FQI also can be calculated as C6n (/N), using native
species only (FQIn).
Data analysis 
Comparisons of time intervals using transect level data were made at each unit (n = 6
transects/unit), treatment types (Remnants: n = 18 transects; Plantings: n = 24 transects), and site
(n = 42 transects) using paired t-tests (HO: 2001 = 2006 data).  The sequential Bonferroni
correction for multiple comparisons was used to guard against Type I statistical errors due to the
number of indices examined within each sample group (n = 9: FQI, Mean C, Native Mean C,
Native Species Richness, Adventive Species Richness, Native Species Density, NRI, H’, and
Dominance).  Paired t-tests were done with the Systat Statistical Software package, vol. 9.0
(SPSS 1999).
Variation of species composition between sites and biotic indices and parameters were
analyzed with Canonical Correspondence Analysis (CCA) using CANOCO 4.5 (ter Braak and
Smilauer 2002).  For the CCA, the 100 top-ranking species based on importance values from the
642 transects were selected with scaling set for inter-species distances.  For examination of 2006
data and data including 2001 baseline and 2006 samples, the samples (100 top-ranking species)
accounted for about 97% of the total importance values.  The ordination was analyzed using a
split-block design treating units as blocks (n = 7) and transects as split-plots.  Statistical
significance of fitting CCA axes to the relationship depicted between the species and external
variables (parameters and indices [i.e., bioindices]) was tested using a global permutation test
(Monte Carlo) of the species data at 1,000 iterations.  Forward selection of the external variables
tested with Monte Carlo permutations also was used in determining statistical significance for
each bioindex singly (marginal effects) and in order of additionally explained variance
(conditional effects).  A Monte Carlo permutation test of within site variability (using a split-plot
design holding blocks [units] unpermuted and permuting transects within units) indicated in a
test for all four canonical axes that there were statistically significant differences in the combined
2001 and 2006 dataset (F-ratio = 7.52, P = 0.002) lending support for treating transects as
independent variables within sites, as is done with the paired comparisons at the site scale (n =
42) and within units (n = 6) and Remnant and Planting treatment types (n = 18 and 24,
respectively).
RESULTS
2006 Re-Sample
During the 2006 resample of the 42 permanent transects at Nachusa Grasslands, a total of
175 species of vascular plants were recorded, a slight reduction from the approximately 181
species recorded during the baseline sample (uncertainty exists for a few undetermined
seedlings).  About 35% of species recorded during 2006 were scarce (i.e., found in 5 or fewer
quadrats out of 840) compared with 39% in 2001.  In the 2006 resample, 120 species were
recorded from the three remnants and 136 species were recorded from the four plantings (Table
1).  Dominant species (species with IV 200 > 5.0) among Remnants in 2006, in descending rank
order, were: Schizachyrium scoparium, Poa spp., Echinacea pallida, Aster ericoides,
Dichanthelium oligosanthes var. scribnerianum, Antennaria neglecta, Dichanthelium
villosissimum, Helianthus occidentalis, Euthamia gymnospermoides, Sorghastrum nutans, Viola
fimbriatula/sagittata (sterile), Coreopsis palmata, and Rubus flagellaris.  Dominant species from
7Plantings were: Schizachyrium scoparium, Andropogon gerardii, Bromus inermis, Sorghastrum
nutans, Poa spp., Solidago canadensis, Achillea millefolium, Solidago nemoralis, and Solidago
rigida (Table 1).
Among Remnants, major increasing species (> 5% sum IV) were Rubus flagellaris,
Antennaria neglecta, Helianthus occidentalis, Schizachyrium scoparium, Agrostis alba, Solidago
missouriensis, Amorpha canescens, and seven other species (Table 2).  Major increasers among
Plantings were Bromus inermis, Poa spp. (combined P. pratensis and P. compressa),
Schizachyrium scoparium, Solidago nemoralis, S. canadensis, Achillea millefolium, Rubus
allegheniensis, and 13 other species (Table 2).  Among these is a small, undetermined dicot
seedling found at the Hotchkiss Unit in mowed areas of the transects.
Declining species in Remnants include Carex pensylvanica, Carex brevior, Sorghastrum
nutans, Achillea millefolium, Physalis virginiana, Carex bicknellii, Asclepias verticillata,
Coreopsis palmata, and five other species.  Declining species in Plantings include Taraxicum
officinale, Andropogon gerardii, Ambrosia artemisiifolia, Setaria viridis, Oxalis spp. (O. dillenii
and O. stricta combined), Chenopodium albidum, Lepidium densiflorum, Aster pilosus, Cirsium
discolor, Daucus carota, and 18 additional species (Table 2).  Carex species were predominately
sterile possibly resulting in under-representation in the data.
Average Native Species Richness among units in 2006 (combining data from all
transects) was 55.6 compared with 52.6 in the baseline sample; however, Native Species Density
declined slightly from 7.1 to 6.9 (Table 3).  Average Adventive Species Richness among units
declined slightly from 16.1 to 14.6.  Floristic Quality Assessment indices (Mean C and FQI)
increased while standard diversity indices (Shannon-Weaver, Dominance, and Evenness)
remained unchanged or changed only very slightly (Table 3).  
The association of species, samples (transect-level data), and indices is graphically
depicted in a Canonical Correspondence Analysis ordination triplot (Figure 2).  87% of the
variance in species and indices relations was explained in four CCA axes (Table 6).  As with the
baseline data, 2006 samples within units tend to form clusters and Remnant samples are aligned
on the negative side of the first axis and Plantings samples located mostly on the positive side of
Axis 1, with the exception of the Main Unit which is in an intermediate position between
Remnants and Plantings.  Remnant samples are associated with many prairie species (e.g.,
8Amorpha canescens, Aristida purpurascens, Aster sericeus, Baptisia lactea, Carex brevior,
Carex bicknellii, Comandra umbellata, Coreopsis palmata, Desmodium illinoensis, Geum
triflorum, Helianthus occidentalis, Koeleria macrantha, Panicum villosissimum, Polygala
polygama var. obtusata, Sisyrinchium campestre, Sporobolus heterolepis, Stipa spartea, and
Viola sagittata/fimbriatula while samples from recent Plantings (E. Heinkle and Hotchkiss),
while including some prairie species (e.g., Allium cernuum, Aster novae-angliae, Echinacea
purpurea, Oenothera rhombipetala, Tradescantia ohiensis), are associated with a more ruderal
species composition including several non-native (*) taxa (Asclepias syriaca, Aster
novae-angliae, Bromus inermis*, Calystegia sepium, Conyza canadensis, Medicago sativa*,
Melilotus alba*, Physalis heterophylla, Rubus occidentalis, Solanum carolinense, Taraxicum
officinale*, and Trifolium pratense*).  As with the 2001 baseline data, species scores on the first
ordination axis (Table 6) are negatively correlated with their Coefficients of Conservatism  
(r = -0.49, P < 0.001), assigned apriori (Taft et al. 1997), supporting the assessment that
Remnant samples are strongly associated with species typically found in natural areas. 
A Monte Carlo global permutation test of ordination axes, permuting units and holding
split-plots [transects] unpermuted (a test of significance for unit differences), indicated that the
amount of variance explained in the first and combined ordination axes exceeds null
expectations (P = 0.003 for first axis and P = 0.029 for all axes).  As with the baseline data, FQI
(and Mean C, dropped from analysis by CANOCO in forward selection because it was colinear
with FQI) explains the most variation in the data (Table 7).  Based on this and the species
correlations discussed previously, the first axis is interpreted as a habitat quality gradient (Figure
2).  Axis 2 is mostly a dominance-diversity gradient with most Plantings associating with greater
dominance while Remnants correlate best with diversity and equitable species distribution
(Evenness).  Considering the transects as fully independent, as supported by Monte Carlo
permutation test, permuting split-blocks (transects) and holding units unpermuted, suggests
significant effects for FQI, Dominance and Adventive Species Richness (P2 in Table 6).
Comparison of 2001 Baseline and 2006 Resample Data
Combining data from all sample units, differences for FQI, Mean C, Native Mean C, and
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(Table 4).  These same variables also were significantly different in paired comparisons between
baseline and 2006 samples with combined Plantings data, while among Remnants only FQI and
Mean C were significantly different (greater) than expected from random chance in 2006
compared with the baseline values (Table 4, Figure 1).  
For individual units, the indices rank differently in the magnitude of baseline-to-2006
changes (Table 5).  While most changes in species richness and floristic quality were positive
among sites, few differences among Remnants were statistically significant.  No indices were
statistically different from baseline to 2006 at Doug’s Knob; at Dot’s Knob and Isabel’s Knob,
Dominance differed significantly (increased at Dot’s Knob and decreased at Isabel’s Knob). 
Evenness increased at Isabel’s Knob and the difference was significant (Table 5).  Changes
among each of the four Plantings tended to be of greater magnitude compared to Remnants. 
While there were no significant differences at the Main Unit among indices, several indices
differed between sample periods at the remaining units.  Dominance declined significantly at the
Potholes Unit, characterized in the baseline sample as having the greatest dominance
(particularly among C4 grasses); correspondingly, there was a significant increase in Evenness. 
Other differences included Native Species Density, H’, and Native Species Richness, all of
which increased more than expected from random chance (Table 5).  At the East Heinkle
Planting, while there was a significant decline in Adventive Species Richness; there also was a
decline in Native Species Density.  Mean C and Native Mean C increased at E. Heinkle and
there was an increase in Dominance (Table 5).  The Hotchkiss Unit had a significant decline in
both native and adventive species while Dominance increased (Table 5).  
These differences comparing 2001 and 2006 samples are graphically depicted in a CCA
triplot (Figure 3).  82% of the species-indices variance was explained in four CCA axes (Table
8).  The species most affiliated with Remnants were Geum triflorum, Koeleria macrantha, Aster
sericeus, Comandra umbellata, Sisyrinchium campestre, Baptisia lactea, Sporobolus heterolepis,
Amorpha canescens, Carex bicknellii, Coreopsis palmata, and Stipa spartea.
The CCA is simplified for ease of interpretation in a biplot of samples and index scores
(Figure 4).  Among all samples, plots from the most recent Plantings (East Heinkle, Potholes,
and Hotchkiss Planting units) changed the most in contrast to other units, with E. Heinkle and
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Potholes units shifting towards greater floristic quality and species richness and away from
Dominance and Adventive Species. In contrast, the Hotchkiss Unit shifted independently away
from Remnants and other Plantings but the change is poorly reconciled with the first or second
ordination axes (Figure 5).  The Remnants Doug’s Knob and Dot’s Knob and the Main Unit
Planting trended towards greater diversity (H’) and Evenness and less Dominance while Isabel’s
Knob and Doug’s Knob trended towards greater floristic quality (Figures 3, 4, and 5).  
A Monte Carlo global permutation test of ordination axes for the combined baseline and
2006 data (Table 9), permuting units and holding split-plots [transects] unpermuted (a test of
significance for unit differences), indicated that the amount of variance explained in the first and
combined ordination axes exceeds null expectations (P = 0.002 for first axis and all axes
combined).  As with the 2006 data alone, FQI and Mean C explain the most variation in the data. 
In addition, forward selection results indicate that Native Species Density, Evenness, Adventive
Species Richness, and Native Mean C also explain significant amounts of variation in the data
(Table 9).  
Polygala incarnata, an annual species listed as endangered by the Illinois Endangered
Species Protection Board (IESPB 2005), was recorded during 2006 from 3 quadrats, all at
Isabel’s Knob, a slight increase from 2 occurrences in 2001.  The quadrats of occurrence in 2006
included one from Transect 3 that also had the species in 2001 and an occurrence in an adjacent
quadrat compared to 2001 occurrences; a third occurrence in 2006 was in Transect 2. While
recorded from only three transects, Polygala incarnata was locally common during 2006 in the
central portion of Isabel’s Knob.  
Physiognomy
In 2006 Remnants are distinguished from Plantings by a strong association with native
perennial sedges, native perennial C3 grasses, and native perennial legumes while plantings are
characterized by association with annuals and adventive perennial forbs.  These patterns are
graphically depicted in a PCA of physiognomic characteristics using log-transformed sum
importance for each physiognomic grouping whereby Remnants are all located on the left side of
Axis 1 and Plantings, save one transect from the Main Unit, are on the right side of the first
ordination axis (Figure 6).  Changes in physiographic characteristics comparing baseline to 2006
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samples indicate a tendency for increase importance of shrubs at Plantings and Dot’s Knob
(mostly Rubus spp. [Table 2]), a decline in importance of adventive species among Plantings,
and a decline in % Bare Ground (Table 3).  As depicted graphically in a PCA, also based on sum
physiognomic importance, Plantings remain associated with annuals (adventive and native) and
adventive perennial forbs and legumes while Remnants are associated with native perennial
sedges and C3 grasses, native perennial forbs, and native perennial legumes (Figure 7).  Among
Plantings, the Main unit remains closest in ordination space with Remnants while the Potholes
unit shows the most positive movement towards physiognomic similarity with Remnants (Figure
7).
Percent bare ground changed from 22.85 for combined units in 2001 to 7.27 in 2006. 
Each unit had a reduction in estimated % bare ground; particularly noteworthy reductions were
recorded from the Potholes Planting and Doug’s Knob (Table 3).  
DISCUSSION
Most changes in prairie vegetation in Nachusa Grasslands sample units since the 2001
baseline sample appear relatively slight; however, most assumptions for this study were
supported by the data.  Several measures of species richness and floristic integrity increased and
adventive species declined among combined units and among Plantings and Remnant sample
groups.   Native species density declined slightly in Plantings; a slight increase among Remnants
did not compensate for an overall mean decline among all transects.  The increase in Native
Mean C at all units suggests the decline in native species density among Plantings primarily was
among relatively ruderal species (i.e., native species of disturbed habitats), a group expected to
decline in habitat restorations.  Also as predicted, most Plantings (except Hotchkiss) trended
towards the Remnants in compositional and structural similarity.  
Doug’s Knob, East Heinkle, and Hotchkiss were specific units that declined in native
species density and richness.  The changes at Doug’s Knob were very slight; changes at the two
Plantings were greater.  The Hotchkiss Unit had several disturbance factors at the time of
sampling.  Portions of each transect had been mowed and vehicle tire tracks effected vegetation
in other portions of the sample area.  These disturbances probably resulted in incomplete
samples and may explain the declines in species density and richness observed.  Since the
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baseline sample at the East Heinkle Planting, there has been a large increase in frequency and
cover of Schizachyrium scoparium and an increase in frequency for Solidago canadensis; both
species ranked first and second in importance, respectively, during both sample periods.  Other
increasers among the top-ranking species include Rubus allegheniensis, Achillea millefolium,
and Solidago nemoralis.  These increases among the most dominant species at the E. Heinkle
Planting suggest competitive displacement may be occurring and accounting for decline in
species density and richness.  
The reduction in estimated % bare ground was a major change in the structure of the
grassland and was detected in each unit.  It is unclear if this was due to the slightly later
sampling dates for the 2006 resample or other factors.  The Potholes Planting and Doug’s Knob
had the greatest overall change among units but were resampled in 2006 only five and 12 days,
respectively, after the times of the baseline samples.  This suggests the changes detected are
actual, rather than an artifact of different sample times.  The significant decline in dominance at
the Potholes Unit suggests this increased vegetation cover was among species other than the C4
grasses that formerly were dominant.  While Andropogon gerardii and Sorghastrum nutans
remain the dominant species, both declined in frequency and A. gerardii declined considerably
in % cover and importance from the baseline (from 73% to 49% cover).  This suggests there may
have been successful overseeding in the Pothole Unit since the baseline sample, or else species
have increased through management, the seedbank, or have dispersed successfully from adjacent
sites.
No salient problems are emerging among most Nachusa Grasslands sample units and the
data suggest that the current management efforts are consistent with unit needs.  The Hotchkiss
Planting Unit appears to be an exception to this general rule and may require renewed
reconstruction efforts since, as with the baseline sample, it remains a largely ruderal mix of
species.  Only two prairie species, Schizachyrium scoparium and Aster novae-angliae, rank
among the 15 most abundant species which includes six adventive species.
FQI and Mean C, as shown previously (Taft et al. 2006), continue to be most sensitive
among indices in distinguishing differences among units and Remnant and Plantings sample
groups.  The data suggest that adventive species control efforts have been promising; however,
Poa pratensis and P. compressa (combined for convenience due to prevalence of sterile
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material) apparently have increased despite ongoing applications of dormant-season prescribed
fire.  Vigilant applications of prescribed fire early in the growing season (mid-April) may result
in improved control of these adventive cool-season grasses; however, such a program could also
negatively effect other native cool-season species.  
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Table 1.  Total species recorded during 2006 from sample plots in combined remnants (n = 3) and plantings (n = 4) at Nachusa Grasslands.
COMBINED REMNANTS COMBINED PLANTINGS
Avg. # Avg. % IV 200 Avg. # Avg. % IV 200
Occurrences Cover Rel Freq + Occurrences Cover Rel Freq +
SPECIES per 120 plots Rel Cover SPECIES per 120 plots Rel Cover
Schizachyrium scoparium 109.00 173.0333 42.3745 Schizachyrium scoparium 74.75 42.2302 34.0442
Poa spp. 76.33 29.1500 12.8457 Andropogon gerardii 40.75 15.3990 15.8271
Echinacea pallida 52.33 19.9417 9.2286 Bromus inermis 44.25 13.9146 14.7352
Aster ericoides 49.33 19.7875 8.8190 Sorghastrum nutans 52.00 12.2563 14.1817
Panicum oligosanthes v. scrib. 57.67 11.2292 7.2123 Poa spp. 40.50 7.2823 9.2966
Antennaria neglecta 28.67 27.8875 6.6769 Solidago canadensis 36.00 7.2604 8.9818
Panicum villosissimum 46.67 15.2042 6.4475 Achillea millefolium 50.25 3.5750 7.6848
Helianthus occidentalis 22.00 20.2250 6.2197 Solidago nemoralis 37.50 5.1729 7.6244
Euthamia gymnospermoides 41.00 14.1250 6.0598 Solidago rigida 34.25 6.2927 6.7701
Sorghastrum nutans 31.00 12.1083 5.5019 Ratibida pinnata 33.00 2.9719 4.6344
Viola sagittata 40.67 14.0500 5.4604 Trifolium pratense 19.25 2.6552 4.0505
Coreopsis palmata 26.33 12.8750 5.2613 Rubus allegheniensis 14.75 3.0167 3.7779
Rubus flagellaris 15.33 17.8792 5.1825 Medicago sativa 13.50 2.6302 3.6463
Lespedeza capitata 36.67 7.1792 4.0839 Senecio pauperculus 28.75 0.9281 3.3815
Sporobolus heterolepis 11.00 13.1167 3.8454 Echinacea pallida 25.25 1.4729 3.0970
Carex pennsylvanica 27.33 5.0667 3.5999 Oxalis sp. 20.50 0.0906 2.5453
Aster sericeus 22.33 6.6792 3.5532 Euthamia gymnospermoides 12.75 1.8521 2.4404
Amorpha canescens 14.67 8.7792 3.2751 unknown dicot seedling 10.50 1.0708 2.1903
Carex bicknellii 19.00 9.5417 3.0086 Asclepias verticillata 20.25 0.1156 2.1044
Sisyrinchium campestre 30.33 2.1542 2.8347 Asclepias syriaca 9.25 0.9677 1.9168
Achillea millefolium 23.00 3.0625 2.8317 Helianthus rigidus 14.00 1.3677 1.8445
Solidago missouriensis 14.67 10.0958 2.7581 Taraxicum officinale 11.75 0.2583 1.7093
Stipa spartea 19.00 3.8417 2.6334 Agrostis hyemalis 13.00 0.4000 1.6502
Agrostis alba 19.33 5.3292 2.3778 Solidago missouriensis 10.50 0.6396 1.6372
Comandra umbellata 15.67 3.7917 2.2979 Calystegia sepium 10.00 0.3573 1.6167
Baptisia leucophaea 9.33 5.0167 1.9397 Penstemon digitalis 10.50 0.6000 1.6087
Asclepias verticillata 20.33 1.0708 1.9205 Antennaria neglecta 6.25 1.0802 1.5471
Andropogon gerardii 8.33 4.5125 1.6676 Dalea candida 7.00 1.1115 1.5404
Rosa carolina 8.00 4.2958 1.5992 Aster pilosus 13.25 0.3510 1.5299
Carex brevior 15.33 2.1583 1.5437 Lespedeza capitata 13.00 0.7740 1.5215
Baptisia lactea 8.33 5.5917 1.5325 Elymus canadensis 9.00 0.7542 1.3836
Solidago nemoralis 12.00 2.9958 1.4129 Lactuca serriola 11.00 0.1281 1.3206
Oxalis sp. 11.33 0.1625 1.1517 Medicago lupulina 7.50 0.9719 1.2638
Koeleria macrantha 8.00 1.8042 1.1393 Monarda fistulosa 12.75 0.3219 1.2461
Bouteloua curtipendula 9.67 0.8958 1.1246 Potentilla arguta 11.50 0.5479 1.2254
Rhus glabra 2.67 4.1292 1.1094 Rumex acetosella 7.75 0.4604 1.1958
Physalis virginiana 10.00 0.6375 1.0582 Ambrosia artemisiifolia 7.75 0.1083 1.0857
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COMBINED REMNANTS COMBINED PLANTINGS
Avg. # Avg. % IV 200 Avg. # Avg. % IV 200
Occurrences Cover Rel Freq + Occurrences Cover Rel Freq +
SPECIES per 120 plots Rel Cover SPECIES per 120 plots Rel Cover
Polygala polygama v. obtusata 11.00 0.4625 0.9881 Physalis virginiana 6.50 0.1888 1.0280
Bromus inermis 5.67 1.5792 0.8270 Anemone cylindrica 9.75 0.2563 0.9033
Ambrosia psilostachya 4.33 1.3792 0.7067 Rubus flagellaris 3.25 0.7583 0.8485
Antennaria plantaginifolia 4.00 2.3458 0.7023 Lepidium densiflorum 7.50 0.0719 0.8432
Hieracium longipilum 5.00 0.8333 0.6043 Aster novae-angliae 2.50 0.5958 0.7519
Geum triflorum 4.00 1.0250 0.5990 Triodanis perfoliata 6.25 0.0260 0.7189
Anemone cylindrica 5.67 0.6375 0.5919 Rubus occidentalis 2.75 0.4458 0.6545
Cirsium discolor 4.00 0.7833 0.5602 Dalea purpurea 2.75 0.6990 0.6483
Euphorbia corollata 4.33 0.7208 0.5437 Rudbeckia hirta 5.00 0.1021 0.6359
Viola pedatifida 3.67 0.7125 0.5124 Fragaria virginiana 6.00 0.1823 0.5915
Dalea purpurea 3.00 1.0375 0.4959 Conyza canadensis 3.75 0.1229 0.5904
Solidago canadensis 2.00 1.3000 0.4639 Allium cernuum 2.50 0.3563 0.5900
Desmodium illinoensis 4.00 0.7625 0.4625 Solanum carolinense 2.75 0.2385 0.5453
Potentilla arguta 3.00 0.8250 0.4537 Cirsium discolor 3.50 0.0906 0.4921
Linum sulcatum 4.33 0.1167 0.4223 Zizia aurea 2.75 0.3052 0.4868
Cornus racemosus 1.33 1.0833 0.3540 Tradescantia ohiensis 2.25 0.2031 0.4515
Leptoloma cognatum 2.33 0.6208 0.3517 Agrostis alba 3.25 0.1552 0.4290
Equisetum cf. variegatum 4.00 0.1333 0.3430 Solidago gigantea 2.25 0.2313 0.3819
Prunus americana 2.00 0.7167 0.3369 Trifolium repens 2.25 0.2729 0.3635
Aristida purpurascens 3.33 0.4875 0.3337 Solidago speciosa 3.25 0.1604 0.3594
Scutellaria leonardii 3.00 0.2000 0.3322 Onoclea sensibilis 3.25 0.0135 0.3526
Cirsium pumilum 2.67 0.6875 0.3144 Echinacea purpurea 1.50 0.1958 0.3419
Pycnanthemum tenuifolium 1.00 0.9583 0.2956 Helianthus occidentalis 2.25 0.1729 0.3243
Monarda fistulosa 2.67 0.3958 0.2936 Coreopsis palmata 2.50 0.2240 0.3173
Liatris aspera 2.00 0.4083 0.2771 Panicum virgatum 2.00 0.1448 0.3050
Solidago gigantea 1.00 0.7500 0.2531 Physalis heterophylla 1.50 0.1375 0.3024
Asclepias syriaca 1.67 0.4042 0.2489 Antennaria plantaginifolia 1.00 0.3198 0.3016
Verbena stricta 2.67 0.0542 0.2398 Hieracium longipilum 2.25 0.0448 0.2965
Polygala verticillata v. isocycla 3.00 0.0583 0.2396 Prunus americana 1.25 0.2219 0.2811
Potentilla simplex 2.00 0.3083 0.2365 Melilotus alba 1.50 0.2125 0.2639
Carex muhlenbergii 2.33 0.2333 0.2163 Hedeoma hispida 2.25 0.0094 0.2535
Diodia teres 1.67 0.2250 0.2061 Aster ericoides 1.00 0.1938 0.2308
Brickellia eupatorioides 1.33 0.3458 0.2040 Oenothera rhombipetala 1.00 0.1250 0.2242
Fragaria virginiana 1.67 0.1625 0.2000 unknown Poaceae 2 1.00 0.1219 0.2220
Aster pilosus 1.33 0.2583 0.1862 Capsella bursa-pastoris 1.50 0.0167 0.2208
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COMBINED REMNANTS COMBINED PLANTINGS
Avg. # Avg. % IV 200 Avg. # Avg. % IV 200
Occurrences Cover Rel Freq + Occurrences Cover Rel Freq +
SPECIES per 120 plots Rel Cover SPECIES per 120 plots Rel Cover
Aster azureus 1.00 0.3750 0.1753 Panicum oligosanthes v. scribe 2.25 0.0802 0.2132
Dodecatheon meadia 1.67 0.0208 0.1639 unknown Asteraceae seedling 1.25 0.0458 0.1923
Physalis heterophylla 1.33 0.1375 0.1615 Plantago major 1.25 0.0260 0.1894
Rumex acetosella 1.33 0.1375 0.1615 Agropyron repens 1.25 0.0563 0.1888
Juncus interior 1.33 0.2792 0.1558 Cacalia atriplicifolia 1.75 0.0896 0.1820
Poa compressa 1.33 0.2583 0.1436 Rumex crispus 1.25 0.0458 0.1780
Desmodium canadense 1.33 0.0375 0.1360 Desmodium canadense 1.00 0.1000 0.1679
Parthenium integrifolium 1.00 0.2542 0.1302 Aster cf. puniceus 1.25 0.0313 0.1657
Solidago speciosa 1.00 0.3208 0.1280 Daucus carota 1.25 0.0156 0.1654
Aster laevis 1.00 0.1333 0.1273 Coreopsis tripteris 1.50 0.0875 0.1624
Erigeron strigosus 1.00 0.1750 0.1120 Trifolium hybridum 1.00 0.0750 0.1601
Solanum carolinense 1.00 0.0333 0.1069 Minuartia stricta 0.75 0.0802 0.1590
Trifolium pratense 0.67 0.3375 0.1051 Lychnis alba 1.00 0.0448 0.1530
Lactuca serriola 1.00 0.0125 0.1027 Viola sagittata 1.25 0.0104 0.1487
Rubus occidentalis 0.67 0.1500 0.0973 Polygala polygama v. obtusata 1.25 0.0052 0.1409
Helianthemum bicknellii 0.67 0.2500 0.0911 Cirsium arvense 1.00 0.0146 0.1378
Pycnanthemum virgianum 1.00 0.0750 0.0887 Pycnanthemum tenuifolium 1.25 0.0708 0.1341
Poa pratensis 0.67 0.1500 0.0884 Parthenium integrifolium 1.00 0.0948 0.1300
Agrostis hyemalis 1.00 0.0125 0.0867 Bromus cf. commutatus 0.50 0.0792 0.1233
Sphenopholis obtusata 1.00 0.0542 0.0854 Rudbeckia subtomentosa 0.50 0.0792 0.1206
Penstemon pallidus 1.00 0.0333 0.0821 Carex brevior 1.00 0.0698 0.1151
Prunus sertina 0.67 0.1292 0.0798 Verbascum thapsus 1.00 0.0042 0.1127
Erigeron annuus 1.00 0.0125 0.0787 Dianthus armeria 1.00 0.0094 0.1066
Polygala incarnata 1.00 0.0125 0.0787 Gentiana andrewsii 1.00 0.0396 0.0971
Lysimachia lanceolata 0.33 0.3125 0.0755 Veronicastrum virginicum 1.00 0.0396 0.0971
Panicum virgatum 0.67 0.0292 0.0727 Ambrosia trifida 0.75 0.0031 0.0939
Anemone virginiana 0.67 0.1292 0.0718 Rosa multiflora 0.25 0.0781 0.0877
Rudbeckia hirta 0.67 0.0292 0.0709 Vitis vulpina/aestivalis 0.25 0.0781 0.0877
Taraxicum officinale 0.67 0.0083 0.0684 Rubus pensylvanicus 0.25 0.0781 0.0793
Senecio pauperculus 0.67 0.0083 0.0666 Sporobolus aspera 0.25 0.0781 0.0793
Minuartia stricta 0.67 0.0083 0.0649 Apocynum sibiricum 0.50 0.0125 0.0783
Crategus crus-galli 0.33 0.1250 0.0589 Stipa spartea 0.75 0.0385 0.0781
Rosa multiflora 0.33 0.1250 0.0589 Baptisia lactea 0.50 0.0323 0.0718
Rubus allegheniensis 0.33 0.1250 0.0589 Melilotus officinalis 0.25 0.0781 0.0650
unknown Asteraceae seedling 0.67 0.0083 0.0587 Scutellaria leonardii 0.50 0.0021 0.0563
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pCOMBINED REMNANTS COMBINED PLANTINGS
Avg. # Avg. % IV 200 Avg. # Avg. % IV 200
Occurrences Cover Rel Freq + Occurrences Cover Rel Freq +
SPECIES per 120 plots Rel Cover SPECIES per 120 plots Rel Cover
Cyperis filiculmis 0.67 0.0083 0.0525 Veronica peregrina 0.50 0.0021 0.0563
Juncus tenuis 0.67 0.0083 0.0525 Abutilon theophrasti 0.25 0.0313 0.0560
Trifolium repens 0.67 0.0083 0.0525 Erigeron strigosus 0.25 0.0313 0.0560
Lechea pulchella 0.33 0.1250 0.0455 Setaria viridis 0.25 0.0313 0.0560
Oenothera rhombipetala 0.33 0.1250 0.0455 Silene antirrhyna 0.25 0.0313 0.0560
Solidago rigida 0.33 0.0250 0.0369 Agrimonia gryposepala 0.25 0.0313 0.0511
Ambrosia artemisiifolia 0.33 0.0042 0.0342 Helianthemum bicknellii 0.25 0.0313 0.0511
Daucus carota 0.33 0.0042 0.0342 Plantago lanceolata 0.25 0.0313 0.0511
Dianthus armeria 0.33 0.0042 0.0342 Verbena stricta 0.50 0.0021 0.0472
Onoclea sensibilis 0.33 0.0042 0.0342 Hypericum punctatum 0.50 0.0073 0.0411
Plantago lanceolata 0.33 0.0042 0.0342 Polygonum persicaria 0.25 0.0063 0.0391
Gentiana puberulenta 0.33 0.0042 0.0324 Geum canadense 0.25 0.0063 0.0360
Medicago lupulina 0.33 0.0042 0.0324 Prunus sertina 0.25 0.0063 0.0360
TOTAL 373.22 175.6819 200.0000 Morus alba 0.25 0.0010 0.0356
% Bare Ground 7.675 Ulmus rubra 0.25 0.0010 0.0356
Chenapodium album 0.25 0.0010 0.0329
Polygonum pensylvanicum 0.25 0.0010 0.0329
Carex pennsylvanica 0.25 0.0063 0.0324
Cornus racemosus 0.25 0.0063 0.0324
Euphorbia corollata 0.25 0.0063 0.0324
Baptisia leucophaea 0.25 0.0010 0.0282
Lactuca cf. canadensis 0.25 0.0010 0.0282
Linum sulcatum 0.25 0.0010 0.0282
Aster laevis 0.25 0.0063 0.0221
Silphium terebinthinaceum 0.25 0.0063 0.0221
Carex muhlenbergii 0.25 0.0010 0.0190
Dodecatheon meadia 0.25 0.0010 0.0190
Erigeron annuus 0.25 0.0010 0.0190
unknonw dicot seedling 1 - op 0.25 0.0010 0.0190
TOTAL 941.75 151.07 200
% Bare Ground 6.3177
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eTable 2.  Species at Nachusa Grasslands sample units with changes in Importance Value (IV 200) comparing 2006 sample data with baseline (2001) data.  Species shown 
increased/decreased > 5%.
INCREASING SPECIES (> 5% Sum IV) DECREASING SPECIES (> 5% Sum IV)
REMNANTS PLANTINGS REMNANTS PLANTINGS
SPECIES (sum IV) SPECIES (sum IV) SPECIES (sum IV) SPECIES (sum IV)
Poa  spp. 78.45 Bromus inermis 221.48 Carex pensylvanica -152.76 Taraxicum officinale -183.70
Rubus flagalleris 63.16 Poa spp. 170.28 Carex brevior -81.46 Andropogon gerardii -128.10
Antennaria neglecta 38.18 Schizachyrium scoparium 161.36 Sorghastrum nutans -50.47 Ambrosia artemisiifolia -126.76
Helianthus occidentalis 37.03 Solidago nemoralis 130.48 Achillea millefolium -35.13 Setaria viridis -103.16
Schizachyrium scoparium 34.02 Solidago canadensis 71.70 Physalis virginiana -24.69 Oxalis spp. -71.10
Agrostis alba 27.93 Achillea millefolium 61.54 Carex bicknellii -18.09 Chenopodium albidum -64.00
Solidago missouriensis 26.94 Rubus allegheniensis 55.99 Asclepias verticillata -17.40 Lepidium densiflorum -63.11
Amorpha canescens 25.00 Unknown dicot 53.02 Coreopsis palmata -16.22 Aster pilosus -50.65
Panicum villosissimum 23.21 Trifolium pratense 40.84 Solidago nemoralis -15.79 Cirsium discolor -47.57
Echinacea pallida 15.20 Solidago missouriensis 38.85 Rumex acetosella -15.69 Daucus carota -46.11
Commandra umbellata 15.15 Euthamia gymnospermoid 34.47 Verbena stricta -14.06 Senecio pauperculus -31.35
Viola sagittata 14.62 Antennaria neglecta 28.66 Euthamia gymnospermoides -13.37 Ambrosia psilostachya -28.73
Panicum oligosanthes 14.14 Solidago rigida 20.27 Aster pilosus -11.31 Asclepias verticillata -24.64
Oxalis spp. 12.26 Triodanis perfoliata 16.88 Rudbeckia hirta -22.67
Koeleria macrantha 11.94 Aster novae-angliae 16.42 Polygonum pensylvanicum -22.21
Sorghastrum nutans 16.24 Trifolium repens -21.86
Lespedeza capitata 14.28 Rumex crispus -21.59
Dalea candida 14.27 Erigeron annuus -21.38
Rubus flagellaris 14.24 Conyza canadensis -18.01
Allium cernuum 12.84 Cirsium arvensis -17.58
Medicago sativa -17.37
Rumex acetosella -16.67
Solidago gigantea -14.16
Fraxinus virginiana -13.12
Coreopsis lanceolata -12.92
Potentilla arguta -12.48
Asclepias syriaca -10.95
Abutillon theophrastii -10.91
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Table 3.  Summary of unit scores for diversity and species richness indices at Nachusa Grasslands comparing results from 2006 and 
baseline (2001) sampling.
REMNANTS PLANTINGS
YEAR
Doug's 
Knob
Dot's 
Knob
Isabel's 
Knob Main Unit
Potholes 
Unit
E. Heinkle 
Unit
Hotch- 
kiss Unit Avg. SE
Native Species Density 2006 8.02 6.99 10.14 9.34 6.18 5.03 2.71 6.91 0.97
2001 8.12 7.19 9.61 8.07 4.43 7.17 5.37 7.13 0.66
Native Species # 2006 60 69 64 59 52 46 39 55.57 3.97
2001 63 63 61 49 38 53 41 52.57 3.93
Adventive Species # 2006 5 11 8 19 16 16 27 14.57 2.78
2001 8 13 6 14 17 26 29 16.14 3.26
Mean C 2006 4.75 3.73 4.31 3.27 3.03 2.37 2.09 3.36 0.37
2001 4.51 3.43 4.27 3.25 2.56 1.80 2.03 3.12 0.40
Mean Cn (native spp.) 2006 5.15 4.32 4.84 4.32 3.96 3.20 3.54 4.19 0.26
2001 5.08 4.14 4.69 4.18 3.71 2.68 3.46 3.99 0.30
FQI 2006 36.82 30.94 34.44 25.11 21.85 16.08 13.06 25.47 3.43
2001 35.77 27.26 33.34 22.78 15.80 13.09 12.99 23.00 4.15
FQIn (native spp.) 2006 39.89 35.87 38.75 33.20 28.57 21.67 22.10 31.44 2.84
2001 40.32 32.88 36.62 29.29 22.87 19.51 22.18 29.09 2.99
Shannon Index (H') 2006 2.862 2.726 2.815 2.708 2.390 2.234 2.400 2.59 0.09
2001 2.876 2.771 2.668 2.628 1.967 2.596 2.635 2.59 0.11
Dominance (all spp.) 2006 0.077 0.094 0.087 0.090 0.124 0.148 0.115 0.10 0.01
2001 0.074 0.071 0.119 0.102 0.192 0.083 0.058 0.10 0.02
Evenness (all spp) 2006 0.826 0.790 0.803 0.791 0.752 0.737 0.796 0.78 0.01
2001 0.810 0.802 0.774 0.787 0.643 0.749 0.839 0.77 0.02
% Bare Ground 2006 10.59 4.69 7.74 7.20 13.78 2.14 2.16 6.90 1.63
2001 46.05 14.96 14.87 14.37 54.67 8.97 6.08 22.85 7.27
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Table 4.  Results from paired t-tests to examine change in parameters overall and in Remnant and 
Planting treatment groups.  Data are calculated at the transect scale except Native Species 
Denstiy which is a quadrat mean.  Statistically significant differences based on adjustments for 
multiple comparisons are shown in bold. 
PARAMETER
COMBINED 
NACHUSA UNITS 
(N = 42 transects) df t P
Sequential 
Bonferroni 
adjusted P
2001 2006
FQI (all spp.) 16.46 18.80 41 -6.39 <0.00001 0.0056
Mean C 3.03 3.42 41 -6.44 <0.00001 0.0063
Native Mean C 3.87 4.16 41 -4.72 0.00003 0.0071
Adventive Species Richness 9.83 7.05 41 4.31 0.00010 0.0083
Evenness (all spp.) 0.77 0.79 41 -1.47 0.15000 0.0100
Species Density 7.14 6.91 41 0.848 0.40200 0.0125
Dominance (D), all spp. 0.10 0.11 41 -0.67 0.50500 0.0167
Native Species Richness 28.33 28.86 41 -0.57 0.56863 0.0250
H' (native spp.) 2.59 2.59 41 0.02 0.98700 0.0500
PARAMETER
REMNANTS (N = 
18 transects) df t P
Sequential 
Bonferroni 
adjusted P
2001 2006
FQI (all spp.) 24.16 26.36 17 -4.02 0.00089 0.0056
Mean C 4.22 4.57 17 -3.83 0.00135 0.0063
Adventive Species Richness 4.94 3.50 17 2.57 0.02000 0.0071
Native Mean C 4.83 5.02 17 -2.43 0.02632 0.0083
Evenness (all spp.) 0.80 0.81 17 -1.52 0.14700 0.0100
H' (native spp.) 2.77 2.80 17 -1.04 0.31200 0.0125
Native Species Richness 32.72 33.44 17 -0.84 0.41196 0.0167
Species Density 8.31 8.38 17 -0.414 0.68400 0.0250
Dominance (D), all spp. 0.09 0.09 17 0.32 0.75300 0.0500
PARAMETER
PLANTINGS (N = 
24 transects) df t P
Sequential 
Bonferroni 
adjusted P
2001 2006
FQI (all spp.) 10.68 13.19 23 -5.11 0.00004 0.0056
Mean C 2.13 2.55 23 -5.13 0.00003 0.0063
Native Mean C 3.15 3.52 23 -4.14 0.00040 0.0071
Adventive Species Richness 13.50 9.71 23 3.74 0.00100 0.0083
Evenness (all spp.) 0.76 0.77 23 -0.99 0.33100 0.0100
Species Density 6.26 5.81 23 1.018 0.31900 0.0125
Dominance (D), all spp. 0.11 0.12 23 -0.83 0.41800 0.0167
Native Species Richness 25.04 25.42 23 -0.25 0.80200 0.0250
H' (native spp.) 2.46 2.43 23 0.31 0.76100 0.0500
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Table 5.  Results from paired comparisons (paired t-tests) to examine parameter differences 
within units.  Data are calculated at the transect scale (n = 6) except Native Species Denstiy 
which is a quadrat mean.  Statistically significant differences based on adjustments for multiple 
comparisons are shown in bold.
PARAMETER Doug's Knob df t P
Sequential 
Bonferroni 
adjusted P
2001 2006
Adventive Species # 4.00 2.33 5 2.50 0.0540 0.0056
Mean C 5.02 5.22 5 -1.74 0.1425 0.0063
Evenness (all spp.) 0.81 0.83 5 -1.19 0.2880 0.0071
Native Species Richness 34.83 32.83 5 1.27 0.2589 0.0083
Native Mean C 5.57 5.58 5 -0.18 0.8656 0.0100
Dominance (D) all spp. 0.07 0.08 5 -0.72 0.5040 0.0125
Native Species Density 8.12 8.02 5 0.47 0.6600 0.0167
H' (native spp.) 2.88 2.86 5 0.32 0.7620 0.0250
FQI (all spp.) 29.46 29.82 5 -0.67 0.5351 0.0500
PARAMETER Dot's Knob df t P
Sequential 
Bonferroni 
adjusted P
2001 2006
Dominance (D) all spp. 0.07 0.09 5 -7.47 0.0010 0.0056
FQI (all spp.) 19.81 23.36 5 -3.28 0.0220 0.0063
Native Species Richness 31.67 33.50 5 -2.80 0.0380 0.0071
Mean C 3.52 4.03 5 -2.48 0.0560 0.0083
Adventive Species # 7.00 4.50 5 1.91 0.1150 0.0100
H' (native spp.) 2.77 2.73 5 1.59 0.1720 0.0125
Native Mean C 4.29 4.56 5 -1.39 0.2220 0.0167
Evenness (all spp.) 0.80 0.79 5 1.17 0.2960 0.0250
Native Species Density 7.20 6.99 5 0.67 0.5330 0.0500
PARAMETER Isabel's Knob df t P
Sequential 
Bonferroni 
adjusted P
2001 2006
Dominance (D) all spp. 0.12 0.09 5 9.15 0.0003 0.0056
Evenness (all spp.) 0.77 0.80 5 -8.14 0.0005 0.0063
H' (native spp.) 2.67 2.82 5 -4.18 0.0090 0.0071
FQI (all spp.) 23.21 25.90 5 -3.79 0.0130 0.0083
Native Mean C 4.64 4.91 5 -2.92 0.0330 0.0100
Mean C 4.14 4.46 5 -2.50 0.0540 0.0125
Native Species Richness 31.67 34.00 5 -1.51 0.1910 0.0167
Native Species Density 9.61 10.14 5 -1.491 0.1960 0.0250
Adventive Species # 3.83 3.67 5 0.24 0.8220 0.0500
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PARAMETER Main Unit Planting df t P
Sequential 
Bonferroni 
adjusted P
2001 2006
Native Species Richness 28.00 33.83 5 -3.60 0.0160 0.0056
FQI (all spp.) 17.35 19.97 5 -3.48 0.0180 0.0063
Native Species Density 8.07 9.34 5 -2.772 0.0390 0.0071
Mean C 3.27 3.42 5 -1.88 0.1190 0.0083
H' (native spp.) 2.63 2.71 5 -1.75 0.1410 0.0100
Adventive Species # 8.17 9.83 5 -1.58 0.1750 0.0125
Dominance (D) all spp. 0.10 0.09 5 1.53 0.1860 0.0167
Native Mean C 4.22 4.40 5 -1.51 0.1900 0.0250
Evenness (all spp.) 0.79 0.79 5 -0.31 0.7710 0.0500
PARAMETER
Potholes Unit 
Planting df t P
Sequential 
Bonferroni 
adjusted P
2001 2006
Native Species Density 4.43 6.18 5 -10.55 0.0001 0.0056
H' (native spp.) 1.97 2.39 5 -4.99 0.0040 0.0063
Evenness (all spp.) 0.64 0.75 5 -4.79 0.0050 0.0071
Native Species Richness 20.33 26.83 5 -4.27 0.0080 0.0083
Dominance (D) all spp. 0.19 0.12 5 4.16 0.0090 0.0100
FQI (all spp.) 11.06 14.80 5 -3.67 0.0140 0.0125
Mean C 2.45 2.85 5 -2.41 0.0610 0.0167
Native Mean C 3.59 3.83 5 -1.56 0.1800 0.0250
Adventive Species # 9.67 9.17 5 0.52 0.6240 0.0500
PARAMETER
E. Heinkle Unit 
Planting df t P
Sequential 
Bonferroni 
adjusted P
2001 2006
Adventive Species # 16.83 8.00 5 18.51 <0.00001 0.0056
Native Species Density 7.17 5.03 5 5.471 0.0030 0.0063
Mean C 1.47 2.22 5 -5.12 0.0040 0.0071
Native Mean C 2.29 2.97 5 -4.70 0.0050 0.0083
Dominance (D) all spp. 0.08 0.15 5 -4.42 0.0070 0.0100
Native Species Richness 30.33 23.50 5 3.01 0.0300 0.0125
H' (native spp.) 2.60 2.23 5 2.69 0.0440 0.0167
FQI (all spp.) 8.14 10.78 5 -2.54 0.0520 0.0250
Evenness (all spp.) 0.75 0.74 5 0.58 0.5900 0.0500
                                           
                                                23
PARAMETER
Hotchkiss Unit 
Planting df t P
Sequential 
Bonferroni 
adjusted P
2001 2006
Native Species Density 5.37 2.71 5 13.901 <0.0001 0.0056
Adventive Species # 19.33 11.83 5 8.86 0.0003 0.0063
Dominance (D) all spp. 0.06 0.12 5 -8.59 0.0004 0.0071
Evenness (all spp.) 0.84 0.80 5 4.63 0.0060 0.0083
H' (native spp.) 2.64 2.40 5 3.54 0.0160 0.0100
Native Species Richness 21.50 17.50 5 2.62 0.0470 0.0125
Mean C 1.32 1.73 5 -2.18 0.0810 0.0167
Native Mean C 2.50 2.89 5 -1.60 0.1710 0.0250
FQI (all spp.) 6.16 7.23 5 -1.04 0.3470 0.0500
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Table 6.  Results from Canonical Correspondense Analysis for 2006 resample data at Nachusa Grasslands.  Data are 
importance (IV 200) for top 100 ranking species (accounting for 97.7% of total importance among species).  Species 
scores in bold explain most variation in ordination.
A.  Axes scores in Canonical Correspondence Analysis.
 Axes                               1 2 3 4  Total inertia
 Eigenvalues: 0.542 0.363 0.152 0.109 2.911
 Species-environment correlations: 0.984 0.9 0.839 0.609
 Cumulative percentage variance
    of species data: 18.6 31.1 36.3 40.1
    of species-environment relation: 40.6 67.9 79.3 87.3
B.  Species scores
Species Name Acronym Axis 1 Axis 2 Axis 3 Axis 4
Achillea millefolium ACHMIL 0.1337 -0.5841 -0.4272 0.0519
Agrostis alba AGRALA -0.7243 -0.0011 0.1433 0.5224
Agrostis hyemalis AGRHYE -0.0142 -0.8579 0.3125 -0.3696
Allium cernuum ALLCER 2.2700 0.8329 0.6383 0.5594
Ambrosia artemisiifolia AMBART 0.9434 -0.5117 -0.6414 0.5773
Ambrosia psilostachya AMBPSI -0.7731 1.6196 0.0674 0.1301
Amorpha canescens AMOCAN -0.7335 1.5269 0.0083 0.092
Andropogon gerardii ANDGER -0.1056 -0.7142 0.231 -0.5181
Anemone cylindrica ANECYL -0.2925 -0.3375 0.9452 0.0814
Antennaria neglecta ANTNEG -0.7299 -0.1056 0.3097 0.4669
Antennaria plantaginifolia ANTPLA -0.6455 0.0347 0.4163 -0.036
Aristida purpurascens ARIPUR -1.0293 0.3798 -0.0484 0.1071
Asclepias syriaca ASCSYR 1.754 0.6005 0.205 0.3107
Asclepias verticillata ASCVER -0.2358 -0.2516 0.3677 -0.0047
Aster ericoides  ASTE RI   -0.5473 0.7704 -0.213 -0.304
Aster novae-angliae ASTNOV   2.3354 0.8043 -0.078 0.5924
Aster pilosus  ASTP IL   0.1368 -0.7196 -0.1007 0.1207
Aster sericeus ASTSER -0.8321 1.5483 0.0213 -0.3329
Baptisia lactea BAPLAC -1.0063 0.1361 0.0398 1.0185
Baptisia leucophaea BAPLEU -0.4751 0.2992 -0.1894 -0.5885
Bouteloua curtipendula BOUCUR -0.6399 1.1928 -0.2586 -0.3552
Bromus inermis BROINE 1.8484 0.594 0.1985 -0.102
Calystegia sepium CALSEP 1.9846 0.5106 -0.2055 -0.0607
Carex bicknellii CXBICK -1.0762 0.3151 -0.0161 0.9736
Carex brevior CXBREV -0.8388 -0.0846 0.4466 0.5295
Carex pennsylvanica CXPENP -0.5381 0.6158 -0.446 -0.1937
Cirsium discolor CIRDIS -0.1385 -0.303 -1.0961 -0.0234
Comandra umbellata COMUMB -0.7908 1.4228 -0.0012 -0.1679
Conyza canadensis CONCAN 1.6364 0.3703 0.2505 0.6726
Coreopsis palmata CORPAL -0.7955 1.344 0.1053 -0.2748
Cornus racemosus CORRAC -0.2377 -0.0455 -0.6699 -0.5725
Dalea candida DALCAN -0.0763 -0.7401 0.3187 -0.7501
Dalea purpurea DALPUR -0.3644 0.3556 0.9688 -0.1346
Desmodium canadense DESCAD 0.2199 0.3011 0.7137 -0.2176
Desmodium illinoensis DESILE -0.7831 0.0692 0.164 0.4486
Echinacea pallida ECHPAL -0.5182 0.4612 0.0967 -0.2178
Echinacea purpurea ECHPUR 2.4502 0.8207 0.702 0.8558
Elymus canadensis ELYCAN 0.513 -0.5078 0.1471 0.2127
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uSpecies Name Acronym Axis 1 Axis 2 Axis 3 Axis 4
Euphorbia corollata EUPCOR -0.7078 0.7681 -0.284 -0.5059
Euthamia gymnospermoides EUTGYM -0.4461 -0.0621 -0.2625 0.3177
Fragaria virginiana FRAVIR -0.1543 -0.6228 0.5258 -0.0425
Geum triflorum GEUTRI -0.9267 1.3122 0.0156 -0.9943
Helianthus occidentalis HELOCC -0.7423 1.1346 0.0418 -0.2952
Helianthus rigidus HELRIG -0.374 -0.7408 1.4142 0.0968
Hieracium longipilum HIELON -0.3551 -0.0721 -0.5781 -0.0563
Koeleria macrantha KOEMAC -0.8137 1.4422 0.0519 -0.4554
Lactuca serriola LACSER 0.4072 -0.4989 0.0231 -0.5927
Lepidium densiflorum  LEPD EN  0.8679 -0.3356 0.6903 0.8313
Leptoloma cognatum LEPCOG -0.5268 0.9216 0.1168 -0.1979
Lespedeza capitata LESCAP -0.65 -0.2399 0.4342 0.4881
Linum sulcatum LINSUL -0.5839 0.8795 0.1021 -0.6069
Medicago lupulina MEDLUP 0.7418 -0.2619 0.9869 0.5461
Medicago sativa MEDSAT 2.1907 0.76 0.3133 0.4826
Melilotus alba MELALB 1.0321 0.0638 1.1257 -0.1771
Monarda fistulosa MONFIS -0.1502 -0.5882 0.5223 0.1258
Oenothera rhombipetala OENRHO 1.5172 0.8627 0.2053 -1.7802
Onoclea sensibilis ONOSEN 0.023 -0.7296 0.4501 -0.3262
Oxalis spp. OXADIL 0.1964 -0.6232 -0.6358 0.0364
Panicum oligosanthes v. scriberian PANOLS -0.6816 0.4169 -0.0583 0.0689
Panicum villosissimum PANVIP -0.8976 0.4154 -0.0087 0.5803
Panicum virgatum PANVIR -0.0544 -0.7768 0.2812 -0.1847
Penstemon digitalis PENDIG 0.031 -0.7016 0.0923 -0.6716
Physalis heterophylla PHYHET 1.3366 0.5012 0.474 0.5951
Physalis virginiana PHYVIG 0.8823 0.9751 0.32 0.3768
Poa  spp. POAPRA 0.1531 0.2896 0.0431 -0.128
Polygala polygama v. obtusata POLPOO -0.7443 0.1249 0.0228 0.1133
Potentilla arguta POTARU -0.2801 -0.4871 0.8826 -0.1132
Prunus americana PRUAMA -0.0835 -0.2051 -0.691 0.1077
Pycnanthemum tenuifolium PYCTEN -0.5943 0.3639 -0.2662 0.9532
Ratibida pinnata RATPIN -0.0953 -0.7302 0.9676 -0.0507
Rhus glabra RHUGLA -0.4936 0.6638 -0.9116 -0.6132
Rosa carolina ROSCAR -0.5222 0.5075 -0.4194 -0.3501
Rubus allegheniensis RUBALL 0.6215 -0.7172 -1.1945 0.3579
Rubus flagellaris RUBFLA -0.31 0.1361 -0.6155 -0.4518
Rubus occidentalis RUBOCC 1.0977 -0.0723 -0.8167 -0.3001
Rudbeckia hirta RUDHIR 0.3124 -0.5295 -0.5844 0.0965
Rumex acetosella RUMACE 0.4139 -0.5535 -0.4771 0.1982
Schizachyrium scoparium SCHSCO -0.127 -0.0918 -0.1236 0.1341
Scutellaria leonardii SCULEO -0.6118 1.1151 -0.244 -0.3543
Senecio pauperculus SENPAU 0.2191 -0.6596 0.4986 -0.1841
Sisyrinchium campestre SISCAM -0.9565 0.4868 0.092 0.4305
Solanum carolinense SOLCAR 1.9126 0.7679 0.5247 1.3183
Solidago canadensis SOLCAN 0.539 -0.6271 -0.9035 0.0859
Solidago gigantea SOLGIG -0.151 -0.3997 -0.3203 -0.6022
Solidago missouriensis SOLMIS -0.5356 -0.3219 -0.1644 0.2939
Solidago nemoralis SOLNEM 0.1347 -0.7348 -0.2187 -0.1082
Solidago rigida SOLRIG -0.1236 -0.8793 0.6221 0.1632
Solidago speciosa SOLSPE -0.3363 -0.8028 1.1398 0.1169
Sorghastrum nutans SORNUT -0.129 -0.5674 0.0699 -0.3164
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Species Name Acronym Axis 1 Axis 2 Axis 3 Axis 4
Sporobolus heterolepis SPOHET -0.7991 1.5924 -0.0408 -0.4078
Stipa spartea STISPA -0.7354 1.1779 0.0605 -0.1496
Taraxicum officinale TAROFF 1.4564 0.2334 -0.66 -0.3112
Tradescantia ohiensis TRAOHI 2.1415 0.8226 -0.3987 0.0379
Trifolium pratense TRIPRA 1.3061 0.2015 0.3567 -0.3154
Trifolium repens TRIREP -0.1051 -0.5706 1.1671 -0.3804
Triodanis perfoliata TRIPEP 0.1307 -0.9337 -0.1355 -0.0125
unknown dicot seedling 2 UKDIC2 2.2972 0.8563 0.1283 0.2456
Viola pedatifida VIOPED -0.4169 0.4896 -0.8054 0.1436
Viola sagittata VIOFIM -0.9474 0.1508 0.1067 0.7577
Zizia aurea ZIZAUR -0.1624 -0.884 0.724 -0.645
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Table 7.  Marginal and Conditional Effects from forward selection testing in CCA of 2006 data based on top-
ranking 100 species (IV 200) and log-transformed indices.  Marginal effects rank variables according to the 
variance explained single; conditional effects show the variation explained by the diveristy indices in the 
rank order of their inclusion in the model.  Sites were treated as blocks for permutations (P1 ); results also 
are shown treating transects as independent for permutations (P2 ).  Indices absent from conditional effects 
are colinear with other indices (e.g., FQI and Mean C; NRI and Native Spp. Density).
A.  Results from forward selection of environmental indices.
Marginal Effects Conditional Effects (spatial grid design [P2])
Variable Lambda1 Variable LambdaA F P1 P2
FQI     0.5 FQI     0.5 8.23 0.003 0.002
Mean C   0.49 Dominance 0.19 3.7 0.092 0.010
NRI     0.49 Adventive Spp   0.14 3.01 0.145 0.018
Native Spp Density 0.48 Mean Cn  0.1 2.01 0.221 0.083
Mean Cn  0.44 Evenness 0.05 1.11 0.327 0.250
Native Spp Rich. 0.44 NRI     0.27 4.92 0.128 0.279
Adventive Spp   0.42 H' 0.05 1.07 0.626 0.320
Dominance 0.29 Native Spp Rich. 0.03 0.61 0.811 0.525
Evenness 0.25
H'     0.24
B.  Results of global permutations tests treating sites as blocks, holding transects unpermuted (P1 ):
Test of significance of first canonical axis: eigenvalue = 0.542
                                               F-ratio = 7.548
                                               P-value  = 0.003
Test of significance of all canonical axes: Trace = 1.332
                                               F-ratio = 3.482
                                               P-value  = 0.029
C.  Results of global permuation tests holding blocks unpermuted and treating transects as independent (P2 ):
Test of significance of first canonical axis: eigenvalue = 0.542
                                               F-ratio = 7.547
                                               P-value  = 0.001
Test of significance of all canonical axes: Trace = 1.332
                                               F-ratio  = 3.481
                                               P-value  = 0.001
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Table 8.   Results from Canonical Correspondense Analysis (CCA) for baseline 2001 and 2006 resample data.  Data 
are based on importance (IV 200) for top 100 ranking species (accounting for 97.1% of total importance among 
species).  Species scores in bold explain most variation in ordination.  
A.  Axes scores in Canonical Correspondence Analysis.
Axes                               1 2 3 4  Total inertia
 Eigenvalues                       : 0.527 0.338 0.239 0.168 3.239
 Species-environment correlations  : 0.978 0.876 0.825 0.804
 Cumulative percentage variance
    of species data                : 16.3 26.7 34.1 39.2
    of species-environment relation: 34.1 55.9 71.3 82.2
B.  Species scores
Species Name Acronym Axis 1 Axis 2 Axis 3 Axis 4
Abutilon theophrastii  ABUT HE   1.1523 -0.1718 0.6736 1.2466
Achillea millefolium  ACHM IL   0.1834 -0.3337 0.2428 0.1317
Agrostis alba  AGRA LA   -0.4511 -0.1772 0.774 0.0681
Agrostis hyemalis  AGRH YE   0.1774 -0.6788 0.355 -0.1584
Allium cernuum  ALLC ER   1.9392 1.3604 -0.7503 -1.2859
Ambrosia artemisiifolia  AMBA RT   1.2661 0.01 0.9983 0.9164
Ambrosia psilostachya  AMBP SI   -0.2864 -0.2872 -1.1438 0.5318
Amorpha canescens  AMOC AN   -0.9939 1.3514 -0.3474 0.3985
Andropogon gerardii  ANDG ER   0.0723 -1.0518 -1.0439 0.2866
Anemone cylindrica  ANEC YL   -0.3221 -0.3463 0.1949 -0.6477
Antennaria neglecta  ANTN EG   -0.793 -0.1976 0.3972 -0.4103
Antennaria plantaginifolia  ANTP LA   -0.826 0.0689 0.3369 -0.26
Asclepias syriaca  ASCS YR   1.4699 0.7215 -0.0563 -0.0728
Asclepias verticillata  ASCV ER   -0.1768 -0.4713 -0.1653 -0.2146
Aster ericoides  ASTE RI   -0.6835 0.6655 -0.2844 0.4198
Aster novae-angliae  ASTN OV   1.9587 1.3277 -0.5193 -1.1603
Aster pilosus  ASTP IL   0.7483 -0.0281 0.5522 0.2106
Aster sericeus  ASTS ER   -1.0503 1.2242 -0.4899 0.4484
Baptisia lactea  BAPL AC   -1.0343 -0.0792 0.7282 -0.4543
Baptisia leucophaea  BAPL EU   -0.487 0.2026 -0.2579 0.4312
Bouteloua curtipendula  BOUC UR   -0.7238 1.0577 -0.1872 0.4013
Bromus inermis  BROI NE   1.5441 0.9049 -0.5719 -0.7007
Calystegia sepium  CALS EP   1.8143 0.8826 -0.1217 -0.3198
Carex bicknellii  CXBI CK   -0.9939 0.0179 0.4432 -0.2093
Carex brevior  CXBR EV   -0.6448 -0.0105 0.3244 0.0038
Carex pennsylvanica  CXPE NP   -0.6558 0.5275 -0.2113 0.4482
Chenopodium album  CHEA LB   1.5912 0.4357 0.2799 0.7658
Cirsium arvense  CIRA RV   1.3071 0.0827 0.7665 0.6463
Cirsium discolor  CIRD IS   0.5544 -0.3841 1.0593 1.1435
Comandra umbellata  COMU MB   -1.0388 1.2079 -0.3919 0.4354
Conyza canadensis  CONC AN   1.7018 0.7291 0.2182 0.1711
Coreopsis palmata  CORP AL   -0.9822 1.0596 -0.4516 0.4452
Dalea candida  DALC AN   -0.005 -0.7999 -0.7059 -0.2795
Dalea purpurea  DALP UR   -0.3634 0.2642 -0.1948 -0.2025
Desmodium canadense  DAUC AR   1.3326 0.5333 0.3443 0.4237
Desmodium illinoensis  DESI LL   -0.6586 -0.1617 0.049 0.0783
Echinacea pallida  ECHP AL   -0.6326 0.3891 -0.2601 0.1183
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Species Name Acronym Axis 1 Axis 2 Axis 3 Axis 4
Elymus canadensis  ELYC AN   0.2718 -0.4718 0.2594 -0.4421
Equisetum variegatum  EQUV AR   -0.922 -0.135 0.5712 -0.381
Erigeron annuus  ERIA NN   0.7616 -0.5184 1.7676 1.2028
Euphorbia corollata  EUPC OR   -0.8872 0.7079 -0.0542 0.0474
Euthamia gymnospermoid  EUTG YM   -0.5135 -0.0517 0.2132 -0.0281
Fragaria virginiana  FRAV IR   -0.0869 -0.5857 0.2514 -0.8103
Geum triflorum  GEUT RI   -1.1005 1.1708 -0.6024 0.3909
Heiracium longipilum  HEIL ON   -0.263 -0.1586 0.14 0.1725
Helianthus occidentalis  HELO CC   -0.951 1.0159 -0.2843 0.2691
Helianthus rigidus  HELR IG   -0.4121 -0.6108 0.14 -0.6429
Koeleria macrantha  KOEM AC   -1.0763 1.348 -0.4365 0.3639
Lactuca serriola  LACS ER   0.4708 -0.4928 -0.5205 0.0935
Lepidium densiflorum  LEPD EN   0.8539 -0.6988 -0.6103 0.5329
Lespedeza capitata  LESC AP   -0.7032 -0.2787 0.5191 -0.5501
Lychnis alba  LYCA LB   0.6446 -0.9364 0.3775 0.9935
Medicago lupulina  MEDL UP   0.577 -0.0816 0.1379 -1.0105
Medicago sativa  MEDS AT   1.9394 1.0468 -0.0753 -0.2732
Monarda fistulosa  MONF IS   -0.18 -0.4427 0.4176 -0.3773
Oenothera rhombipetala  OENR HO   0.6 -0.2977 -1.0798 0.463
Oxalis sp.  OXAD IL   0.7286 -0.3351 0.3527 0.5257
Panicum oligosanthes v. s  PANO LS   -0.798 0.3166 0.1987 -0.0232
Panicum villosissimum  PANV IL   -0.9634 0.181 0.4837 -0.2176
Penstemon digitalis  PEND IG   0.058 -0.9166 -0.8509 0.0581
Physalis virginiana  PHYV IG   0.4722 0.8209 -0.2767 0.1996
Poa spp.  POAP RA   -0.1184 0.3517 -0.2479 -0.0438
Polygala polygama v. obt  POLP OO   -0.8267 -0.0357 0.4541 -0.397
Polygonum pensylvanicu  POLP EN   0.9732 -0.7647 1.8921 1.8453
Potentilla arguta  POTA RG   -0.3375 -0.3687 0.0466 -0.3465
Prunus americana  PRUA MA   -0.1676 0.2113 0.4002 0.034
Pycnanthemum tenuifoliu  PYCT EN   -0.6139 0.2594 0.1818 -0.0098
Ratibida pinnata  RATP IN   -0.1462 -0.682 -0.0231 -0.5181
Rhus glabra  RHUG LA   -0.6207 1.0456 0.1347 0.4823
Rosa carolina  ROSC AR   -0.658 0.7205 0.0894 0.4131
Rubus allegheniensis  RUBA LL   0.892 -0.2099 0.4915 -0.1757
Rubus flagellaris  RUBF LA   -0.4067 0.3831 0.029 0.1154
Rubus occidentalis  RUBO CC   1.0123 0.333 -0.2509 -0.2501
Rudbeckia hirta  RUDH IR   1.1351 0.2146 0.3633 0.2976
Rumex acetosella  RUMA CE   0.5682 -0.0113 0.6193 0.2784
Rumex crispus  RUMC RI   1.5862 0.3829 0.6787 0.5889
Schizachyrium scoparium  SCHS CO   -0.1571 -0.0072 0.3017 -0.1614
Scutellaria leonardii  SCUL EO   -0.4682 0.6171 -0.5576 0.9094
Senecio pauperculus  SENP AU   0.6838 -0.3025 -0.0272 -0.2241
Setaria viridis  SETV IV   1.141 -0.3585 1.5749 1.6046
Sisyrinchium campestre  SISC AM   -1.0378 0.1939 0.4382 -0.2828
Solanum carolinense  SOLC AR   1.648 1.0161 0.268 -0.1086
Solidago canadensis  SOLC AN   0.735 -0.3432 0.4682 0.1925
Solidago gigantea  SOLG IG   0.3359 -0.5475 0.6581 0.93
Solidago missouriensis  SOLM IS   -0.6012 -0.2865 0.36 -0.4133
Solidago nemoralis  SOLN EM   0.0779 -0.5863 0.0236 -0.461
Solidago rigida  SOLR IG   -0.1738 -0.6962 0.2432 -0.6493
Sorghastrum nutans  SORN UT   -0.0658 -0.6318 -0.5365 0.1565
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Species Name Acronym Axis 1 Axis 2 Axis 3 Axis 4
Sporobolus heterolepis  SPOH ET   -1.0289 1.2852 -0.5313 0.4815
Stipa spartea  STIS PA   -0.9772 1.0483 -0.4431 0.3263
Taraxicum officinale  TARO FF   1.2139 -0.0143 -0.167 0.6065
Tradescantia ohiensis  TRAO HI   1.3051 1.2292 -0.355 -0.4006
Trifolium pratense  TRIP RA   1.2364 0.4734 -0.186 -0.4465
Trifolium repens  TRIR EP   0.1937 -0.7414 0.0736 -0.0029
Triodanis perfoliata  TRIP EP   0.2342 -0.651 0.1138 -1.0113
Unknown dicot 2  UKDI C2   1.9874 1.4585 -0.8664 -1.3095
Verbena stricta  VERS TR   -0.5185 0.183 -0.1832 0.4138
Viola pedatifida  VIOP ED   -0.5487 0.5998 0.2639 0.1593
Viola sagittata/fimbriatula  VIOF IM   -0.973 -0.0555 0.6264 -0.3888
Zizia aurea  ZIZA UR   -0.2086 -0.8586 -0.5696 -0.7116
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Table 9.  Marginal and Conditional Effects from forward selection testing in CCA of 2001 and 2006 data based 
on top-ranking 100 species (IV 200) and log-transformed indices.  Marginal effects rank variables according to 
the variance explained single; conditional effects show the variation explained by the diveristy indices in the 
rank order of their inclusion in the model.  Sites were treated as blocks for permutations (P1 ); results also are 
shown treating transects as independent for permutations (P2 ).  
A.  Results from forward selection of environmental indices.
Marginal Effects Conditional Effects (spatial grid design [P2 ])
Variable Lambda1 Variable LambdaA F P1 P2
FQI     0.5 FQI     0.50 15.13 0.001 0.003
Mean C   0.5 Mean C 0.50 15.06 0.001 0.001
Mean Cn  0.47 Native Spp Density 0.24 8.42 0.003 0.010
Adventive Spp   0.43 Evenness 0.26 8.52 0.006 0.475
NRI     0.4 Adventive Spp   0.12 5.07 0.011 0.019
Native Spp Density 0.38 Mean Cn  0.15 6.22 0.012 0.484
Native Spp Rich. 0.35 Shannon Index (H')  0.07 2.98 0.052 0.013
Evenness 0.26 Dominance 0.16 6.12 0.057 0.380
Dominance 0.22 Native Spp Rich. 0.04 1.46 0.511 0.332
Shannon Index (H')  0.2 NRI     0.01 0.55 0.726 0.983
B.  Results of global permutations tests treating sites as blocks, holding transects unpermuted (P1 ):
 Test of significance of first canonical axis: eigenvalue = 0.527
                                               F-ratio = 14.384
                                               P-value  = 0.002
 Test of significance of all canonical axes: Trace = 1.548
                                               F-ratio = 7.521
                                               P-value  = 0.002
Results of global permuation tests holding blocks unpermuted and treating transects as independent (P2 ) were 
same as for blocking sites.
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Table 10.  Axis scores and biplot scores for a PCA of 
physiognomic group Importance Values (IV 200) at 
Nachusa Grasslands using data from 2001 and 2006.  
Sample scores shown in bold explain the most variation 
in the data.
Axis 1 2 3 4
Eigenvalue 0.392 0.1486 0.1164 0.0685
Cumulative % var. 39.20 54.00 65.70 72.50
Physiognomic Group Scores
 P-C3  Grass -0.8084 0.2297 0.2337 -0.4023
 P-Legume -0.798 -0.0792 -0.1443 -0.0003
 P-C3 Sedge -0.7482 0.3391 0.3326 0.1275
 P-Forb   -0.4227 -0.2789 -0.3528 -0.3111
 Hemi Par  -0.3663 -0.1574 -0.156 -0.2344
% Bare Ground -0.3469 -0.6587 0.396 0.3848
 P-C4 Grass -0.3093 -0.3692 0.0473 0.4387
 A-Grass  -0.1159 -0.0263 -0.2994 0.0969
 W-Vi ne   -0.0003 0.0981 -0.3492 0.0836
 B-Legume 0.046 0.0108 -0.1379 -0.1344
 Fern /All 0.0511 -0.0716 0.1253 0.065
 B-Forb   0.0694 0.2566 0.7324 -0.1204
 Shrub X  0.1156 -0.0315 -0.0787 0.0112
 Tree      0.1178 0.2096 0.0157 0.1028
 P-C4 X Grass 0.1743 0.3809 -0.5848 0
 Shrub    0.1815 0.8659 0.1075 0.2373
 A-Legume 0.2106 -0.0282 -0.3081 -0.1069
 P-C4 Sedge 0.2963 0.0029 -0.0882 0.2308
 A-Grass  0.5152 0.0276 0.6276 -0.4112
 B-Forb X 0.5769 -0.2329 0.211 0.2158
 A-Forb X 0.6931 -0.3046 0.34 -0.0224
 P-Legume 0.7449 -0.0842 -0.2083 -0.2567
 A-Forb   0.7469 0.0016 0.3751 -0.339
 P-Forb X 0.8363 0.2623 0.1218 0.3122
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Figure 1.  Paired comparisons within treatments (Remnants and Plantings) that had statistically significant 
differences between sample periods (2001 and 2006) for sample plots at Nachusa Grasslands (different letters 
indicate statistically significant differences [P  < 0.05]).  See Adventive Species chart, upper left, for legend for 
all four figures.  Comparisons were within treatments (i.e., Plantings 2001-2006 and Remnants 2001-2006).   See 
Table 4 for detailed results of paired comparisons.
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Figure 2.  Ordination triplot of species, samples, and indices on horizontal Axis 1 and vertical Axis 2 of a Canonical Correspondence Analysis (CCA) using 2006
sample data from permanent transects at Nachusa Grasslands.  Each sample, represented by symbols coded by unit, is transect-level summary data based on species
importance values using the top 100 ranking species.  See Table X for key to species names for acronyms.  Closed symbols are remnant samples, open symbols are
plantings.
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Figure 3.  Ordination triplot of species, samples, and indices on Axis 1 and Axis 2 of a Canonical Correspondence Analysis (CCA) including 2001 baseline
and 2006 resample data.  Each sample (symbols) within a unit represents transect-level summary data based on importance value s for the top-ranking 100
species .  Baseline plots indicated with open symbols.  See Table 8 for species names corresponding with acronyms.  Dg = Doug’s Knob, Dt = Dot’s Knob,
Is = Isabel’s Knob, Mn = Main Unit, Ph = Potholes, EH = East Heinkle, Hk = Hotchkiss.  01 = 2001 baseline sample, 06 = 2006 sample.
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Figure 4.  Biplot of samples and indices on Axis 1 and Axis 2 of a Canonical Correspondence Analysis including 2001 baseline and 2006 resample data. 
Each sample (symbols) within a unit represents transect-level summary data based on importance values for the top-ranking 100 species (species deleted). 
Baseline plots indicated with open symbols.  
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Figure 5.  Mean sample scores among transects at each Nachusa Grasslands sample unit comparing 2001 baseline (open 
symbols) to 2006 results.  Horizontal axis (Axis 1) is strongly correlated with Adventive Species (positive side) and Floristic 
Quality and Richness (left side); vertical axis (Axis 2) is strongly correlated to Dominance (negative values) and Diversity 
(positive values).  Trajectory for Hotchkiss illustrates differences found on Axis 4 (not shown), and do not correlate to Axes 1 
or 2.
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Figure 6.  Biplot of a Principal Components Analysis of physiognomic characteristics of prairie vegetation in sample units at Nachusa Grasslands
based on 2006 sample data.  Envelopes include symbols (transect-level data based on sum importance value of each physiognomic grouping)
representing transects (n = 6) at each sample unit.
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Figure 7.  Biplot of a Principal Components Analysis of physiognomic characteristics of prairie vegetation in sample units at Nachusa Grasslands
comparing 2001 baseline and 2006 sample data.  Envelopes include symbols (transect-level data based on sum importance value of each
physiognomic grouping) representing transects (n = 6) at each sample unit.
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